The purpose of this paper is to determine the optimal factors of the electro-discharge machining (EDM) process investigate feasibility of design of experiment techniques. The workpieces used were rectangular plates of AISI 4140 grade steel alloy. The study of optimized settings of key machining factors like pulse on time, gap voltage,flushing pressure,input current and duty cycle on the material removal,surface roughness is been carried out using central composite design. The output responses measured were material removal rate (MRR) and surface roughness.Mathematical models are proposed for the above responses using response surface methodology (RSM).The results reveals that MRR is more influenced by peak current, duty factor.Finally, the parameters were optimized for maximum MRR with the desired surface roughness
1.INTRODUCTION
Electrical Discharge Machining (EDM) is a unconventional manufacturing process based on removal of material from a part by means of a series of repeated electrical sparks created by electric pulse generators at short intervals between a electrode tool and the part to be machined emmersed in dielectric fluid.At present,EDM is a widespread technique used in industry for high precision machining of all types of conductive materials such as metallic alloys, metals, graphite,composite materials or some ceramic materials. The selection of optimized manufacturing conditions is one of the most important aspects to consider in the diesinking electrical discharge machining (EDM) of conductive steel, as these conditions are the ones that are to determine such important characteristics: surface roughness,electrode wear (EW) and material removal rate (MRR). In this paper, a study will be perform on the influence of the factors of peak current, pulse on time, interval time and power supply voltage. Isothermal aging of material varies the EN-19 steel, which is mainly used in various elements like gears, axels, drive shafts,induction hardening pins and high strength shafts [1] . Design of experiments (DOE) technique to select the optimum machining conditions for machining AISI 4140 using EDM.The objectives of this paper are stated as follows:
 To evaluate the performance of EDM on AISI 4140 with respect to various responses such as surface quality,material removalrate(MRR).  To establish mathematical model for all responses involved which are surface quality, material removal rate (MRR).  Full factorial method from design of experiment (DOE) used in order to analyze and determine feasible solutions for optimal cutting parameters of EDM operation.
PROCESS PARAMETERS
The process parameters can be divided into two categories, i.e., electrical and non-electrical parameters.
Electrical parameters
Main electrical parameters are peak current ,discharge voltage,pulse duration and pulse interval,polarity,electrode gap.Discharge voltage is related to spark gap and breakdown strength of the dielectric fluid.The open-gap voltage before electric discharge increases until ionization path is created between workpiece and electrode. Once the current starts flowing, the voltage drops and stabilizes at the working gap level. Thus a higher voltage setting increases the gap, which improves the flushing conditions and helps to stabilize the cut. Peak current is the amount of power used in discharge machining and is considered as most significant process parameter. The current increases until it reaches a preset level during each pulse on-time, which is known as peak current. Peak current is governed by surface area of cut.Higher peak current is applied during roughing operation and details with large surface area. This is the most important parameter because the machined cavity is a replica of tool electrode and excessive wear will hamper the accuracy of machining. New improved electrode materials like graphite, can work on high currents without much damage [1] .Pulse duration is commonly referred to as pulse on-time and pulse interval is called pulse off-time. These are expressed in units of microseconds. Since all the work is done during pulse duration, hence this parameters and the number of cycles per second (frequency) are important. Material removal rate (MRR) depends upon the amount of energy applied during the pulse duration [13] . Increased pulse duration also allow more heat to sink into the workpiece and spread, which means the recast layer will be larger and the heat-affected zone will be deeper. Material removal rate tends to decrease after an optimal value of pulse duration. Pulse interval mainly affects machining speed and stability of cut. Shorter interval, results in faster machining operation.
LITERATURE REVIEW
Electrical Discharge Machining (EDM) -Sinker EDm is one of the most widely used unconventional material removal process.Its typical feature of using thermal energy to machine electrically conductive job piece regardless of hardness has been its distinctive advantage in the manufacture of mould, die, automotive, defence, aerospace and surgical components. In addition, EDM does not make direct contact between the electrode and the workpiece eliminating mechanical stresses, chatter and vibration problems during machining. [2] .Based on Yussni (2008), the variables parameters are have great effects to the machining performances results especially to the material removal rate (MRR), electrode wear rate and surface quality. There are two major groups of parameters that have been discovered and categorized 1) Dielectric fluid; type of dielectric, temperature, pressure,flushing system . 2) Machine characteristics; servo system and stability stiffness, thermal stability and accuracy. 3) Tool; material, shape, accuracy 4) Workpiece 5) Adjustable parameters; discharge current, gap voltage,pulse duration, polarity, charge frequency, capacitance and tool materials.
Erden [4] proposed that material removal mechanism relating to three phases of sparking,namely breakdown, discharge and erosion. Also, it was found that reversing the polarity of sparking alters the material removal phenomenon with an appreciable amount of electrode material depositing on the workpiece surface [5] . Gadalla and Tsai [6] investigated the material removal of WC-Co composite. They attributed the material removal to the melting and evaporation of disintegrated Co followed by the dislodging of WC gains, which have a lower electrical conductivity. However, thermal spalling contributes to the material removal mechanism during the sparking of composite ceramics. This is because the physical and mechanical properties promote abrupt temperature gradients from normal melting and evaporation [7] . The working principle of EDM is shown in Fig. 1 . This technique has been developed in the late 1940s [8] . The electrode moves toward the workpiece reducing the spark gap so that the applied voltage is high enough to ionize the dielectric fluid [9] . Short duration discharges are generated in a liquid dielectric gap, which separates electrode and workpiece. The material is removed from tool and workpiece with the erosive effect of the electrical discharges [10] . The dielectric fluid serves the purpose to concentrate the discharge energy into a channel of very small cross sectional areas. It also cools the two electrodes, and flushes away the products of machining from the gap. The electrical resistance of the dielectric influences the discharge energy and the time of spark initiation [11] . Early discharge occurs due to low resistance.If resistance is more, the capacitor will obtain higher charge value before initial discharge. A servo system is present to compares the gap voltage with a reference value and to ensure that the electrode moves at a proper rate to maintain the correct spark gap, and also to retract the electrode if short circuiting occurs. When the measured average gap voltage is higher than that of the servo reference voltage, preset by the operator, the feed speed increases.On the contrary,the feed rate decreases or the electrode is retracted when the average gap voltage is lower than the reference voltage, which is the case for smaller gap widths resulting in a smaller ignition delay. Thus, short circuits occured by eroded particles and humps of discharge a crater are avoided. 
Experimental Setup
The experiments were performed on AISI 4140 test pieces (100 mm x 100 mm x 21mm) using Electronica ENC series EDM machine shown in fig below in figure 2. 
Measurement Procedure
The test piece was weighed before and after drilling operation using a digital precision scale. Material Removal Rate (MRR) for each experiment was calculated by the following formula:
MRR (mg/min) = initial weight -final weight / machining time
Mathematical Modelling

Design of Experiments
Design of Experiments (DOE) is a method to obtain useful information about a process by conducting only minimum number of experiments [13] .Each controllable variable (I p , T on ,V gap, , T duty cycle, Flushing pressure) can be set on EDM machine at five consecutive levels from 1 to 5, and hence the design consisting of 30 experiments based on Central Composite Design (CCD) was generated at these levels using Minitab® statistical software.Other factors given in Table 2 were kept constant. Table 3 shows the design matrix with experimental plan. MRR predicted within error range of ± 16% (except experiment no. 29) and ± 19%, respectively.The selected three parameters have different influences on the machining performance. The MRR is calculated 3by dividing the volume of material removed by the actual machining time and expressed in mm 3 /min. The coefficients of the response surface equation were determined by using Minitab15 software. Table 3 . Experimental plan in accordance to CCD. [13] . In this study, a second-order polynomial was selected to develop empirical equations to represent responses MRR in terms of controllable variables (I p ,  T on ,T 
Statistical analysis
Effect of Voltage on MRR
In EDM operations, the voltage is one of the important parameters. To study the effect of voltage,the spark gap and capacitance were kept constant. With analysis, it is observed that, with increase in voltage, the MRR also increases. This occurs because of the energy discharge from the electrode increases with increase in voltage. With increase in discharge energy, higher temperatures are generated between the electrodes. This results higher in MRR.
The capacitance is also an influencing parameter in EDM.To study the effect in capacitance, other two parameters such as voltage and spark gap are kept constant.This is another scope for further study and analysis in EDM research.
Conclusion
A Central composite design was used to conduct the experiments. The effect of important process parameters in EDM: voltage,current,duty cycle and flushing pressure on MRR has been studied. The following are some of the salient conclusions that could be drawn based on the studies:
1.Increase in voltage results in higher MRR and similarly higher capacitance results in higher MRR. 2. In case of spark gap, with increase in spark gap the MRR decreases. 3. The results obtained would be a good technical database for the defence/automotive industries.
